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Portal blood flow in chronic liver disease: measurement of portal blood flow using 2D-cine phase 
contrast magnetic resonance angiography
Atsushi Yamauchi1)＊, Norinari Honda2), Chiaki Kawamoto1)※, Koji Yakabi1)
Purpose: The evaluation of portal venous hemodynamics may help determine disease progression and prognosis 
in patients with chronic liver disease. Although pulsed Doppler ultrasound is used to measure portal venous flow, 
accuracy of this method is dependent on the proficiency of the operator, the obesity of the subject and the presence 
of gastrointestinal gas. We used two-dimensional cine phase contrast MR angiography (2D-CPC MRA), a technique 
not affected by the factors described above, to measure portal venous blood flow (PBF) in patients with chronic 
liver disease to test the clinical value of the measurement. 
Material and Methods: This study consisted of 43 subjects: 35 patients with chronic liver disease (13 with chronic 
hepatitis, 22 with cirrhosis) and 8 healthy volunteers. A 1.5-T MR imaging unit was used. The cross-section, 
plethysmography-gated, multiphase images of 2D-CPC MRA were obtained from the center of the portal trunk. 
PBF was calculated from this area and the mean velocity of portal vein at each phase. Boundaries of the liver were 
traced manually on T1- or T2-weighted transverse images covering the whole liver to calculate the volume of the 
liver. PBF was divided by liver volume (PBF/LV) to obtain volume-corrected index. Doppler US of the abdomen 
was performed on the same day as 2D-CPC MRA. The indocyanine green retention at 15 minutes post-injection (ICG 
R15％) was also measured when the subjects’condition permitted. 
Results: PBF was significantly reduced in patients with cirrhosis compared with healthy volunteers (mean± SD; 
511.0±204.6 and 889.8±289.5 ml/min, respectively).   
　PBF/LV correlated positively with hepatic volume in healthy volunteers (r＝0.8, P＜0.05) and in patients with 
chronic hepatitis (r＝0.20, P＜0.05), but correlated negatively in patients with cirrhosis (r＝−0.60, P＜0.001). 
PBF by 2D-CPC MRA correlated with that by Doppler US measurements (r＝0.5, P＜0.05). PBF by 2D-CPC MRA 
weakly, but significantly correlated with ICG R15％(r＝−0.16, P＜0.05).
Conclusion: PBF was reduced in patients with cirrhosis in this study. PBF/LV correlated negatively with the liver’s 
volume in patients with cirrhosis, but positively correlated in healthy volunteers and in patients with chronic hepatitis. 
These results show that PBF and PBF/LV by 2D-CPC MRA may be used as an index for disease progression.
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取り出し得るMRAは，Time-of-flight 法 （TOF 法） 10,11) 














我々は2 次元シネモードを用いたPC 法（2D-cine phase 












たは，患者に口答で同意を得て施行された．平成 5 年 1

















　対象は，上記の対象患者（20 歳から78 歳）35 例と，
対照として肝機能が正常な健常ボランティア8 例（男
性 5 例，女性 3 例；平均年齢±SD：39.1±8.8 歳）の計
43 例である．対象患者のうち，慢性肝炎は13 例（男性
8 例，女性 5 例；平均年齢±SD：51.9±11.9 歳），うち
B 型慢性肝炎 2 例，及びC 型慢性肝炎 11 例であった．
残り22 例は肝硬変で（男性 14 例，女性 8 例；平均年
齢±SD：61.3±9.4 歳），うちB 型肝硬変 2 例，C 型肝













1 . 2 D-CPC MRAによる門脈血流動態の測定
a. 断層面の選定と撮影法
　　1.5T MRI 装置（Signa Advantage, GE Medical 
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脈血流量（ml/min）を求めた （Fig. 1b） ．




Fig 1. Measurement by 2D-CPC MRA. Measuring plane was prescribed on a breath-hold coronal image passing through the 
center of the portal trunk in transverse plane or oblique plane perpendicular to the portal trunk (a). Region-of-interest was 
placed on the portal vein in a phase image of 2D-CPC MRA at each phase of plethysmography-gated images (b). 
Table 1. Acquisition parameters for cine 2D-cine phase contrast MR angiography
 1) Imaging plane:
 transverse passing through the center of portal trunk: 
    first 28 cases
 perpendicular to portal trunk passing through the center of the trunk:
    last  15 cases 
  2) TR: 26.0 - 36.0 ms 
  3) TE: 9.9 ms: first 28 cases
             12.8 ms: last 15 cases
  4) Flip angle: 20.0 degrees                 
  5) Section thickness: 5.0 mm                     
  6) Acquisition matrix: 256×192
  7) Field of view: 30-38 cm
  8) Number of excitation: 2
  9) Velocity encoding value: 30 cm/sec
10) Encoding direction: perpendicular to the imaging plane
11) Retrospective gating with fingertip plethysmography 
 number of time frames
  32/heart beat: first 28 cases
　　　　　　　　16/heart beat: last  15 cases






Child-Pugh 機能分類 A・B・Cの3 群に，それぞれ分
け，門脈血流値の群間比較を行った．
2 . 超音波パルスドップラー法による門脈血流動態の測定











3 . ICG R 1 5％
　　ICG R15％は可能な例について行なった．2D-CPC 






























　2D-CPC MRAと同時に行ったMRIでは，対象 35 例
には，門脈側副血行路および腹水を認めなかった．対








r ＝0.97（p ＜ 0.001）で，統計的に有意，かつ，きわ
めて良好な正相関を示した （Fig. 3） ．　       





を認めた （p＜0.05）（Fig. 4）．                      
3 . 肝硬変重症度 (Child-Pugh 分類 )と門脈血流量の比
較検討  
　　門脈血流量はChild-Pugh　A 群（9 例）で589.0± 
166.8 ml/min，Child-Pugh　B 群（8 例）では528.2± 
196.0 ml/min，Child-Pugh　C 群（5 例）では336.9±
210.8 ml/minであったが，三群間に統計的有意差は
認めなかった （Fig. 5）．　　　





5 . 門脈血流量とICG R 1 5％ 
　　ICG R15％は慢性肝炎 13 例中 12 例に，肝硬変 22 例
中18例，計30例について測定できた．慢性肝疾患が
Fig 2. Principle of flow measurement by pulsed Doppler 
ultrasonography. Adapted from reference 7. 





















に正の相関を認めた（r＝0.8 − 0.98, p ＜ 0.05）．ま
た，慢性肝炎患者群では，肝容積と門脈血流量，
PBF/LVの間に，弱い正の相関を認めた（r＝0.2−





Fig 4. Group comparison of portal blood flow by 2D-CPC 
MRA stratified by disease: normal control (NC), chronic 
hepatitis (CH) and cirrhosis (LC). 
Fig 5. Group comparison of portal blood flow by 2D-CPC 
MRA stratified by functional categor y of Child-Pugh 
classification. There were no statistically significant 
difference. 
Fig 3. Reproducibility of 2D-CPC MRA flow measurement: inter-observer variation (a), intra-observer variation (b).





























Fig 8. Group comparison of liver volume (a) and volume/body surface area (b) stratified by disease: normal control (NC), 
chronic hepatitis (CH) and cirrhosis (LC).
Fig 6. Correlation between portal blood flow measured by 
2D-CPC MRA and that by pulsed Doppler ultrasonography. 
There are statistically significant, but fair correlation. 
Fig 7. Correlation between portal blood flow by 2D-CPC MRA 
and indocyanine green retention 15 minutes after injection 
(ICG R15％). There are statistically significant, but rather weak 
correlation.




































Fig 9. Group comparison of portal flow/liver volume stratified 
by disease: normal control (NC), chronic hepatitis (CH) 
and cirrhosis (LC). There were no statistically significant 
difference.
Fig 10. Correlation of portal blood flow/liver volume 
with liver volume in healthy volunteers (a), chronic 
hepatitis (b) and cirrhosis (c). 
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